INTRODUCTION
Spirocerca lupi (S. lupi) is a nematode of the superfamily Spiruroidea and has an indirect life cycle which may include a paratenic host. The predominant definitive host is the dog, which passes larvated eggs with the faeces and to a lesser degree with vomitus 2, 5 . Following ingestion of an infected intermediate host (coprophagous beetles) or paratenic host (birds, lizards, frogs, snakes, mice, rabbits and rats) L3 larvae are liberated within the stomach 1, 2, 31 . Soon after ingestion the L3 penetrate the stomach mucosa and migrate, within artery walls, towards the aorta 2, 4, 14, 22 . This initial part of the migration process takes approximately 3 weeks 2, 11 . Further development of the L3 to immature adults occurs in the wall of the thoracic aorta. These immature adults then migrate in the mediastinum from the wall of the aorta towards the oesophagus, an event usually occurring 102-124 days post infection 2, 11 . In the oesophagus the adults provoke the development of a fibrous nodule in which they undergo further maturation. These nodules may become neoplastic 2, 24 . The adult spirurid nematode is a relatively large worm, pink-red in colour with males and females reaching 3-4 cm and 6-7 cm, respectively 11 . The prepatent period in the dog is 4-6 months 2,13 . Oesophageal nodules may have a small opening into the oesophageal lumen through which larvated eggs are passed 12 . Large numbers of larvated eggs are passed with the faeces of infected dogs 2 . If the nodule has no opening the infection is not patent 31 . Owing to the complex migration route, worms are sometimes found in atypical locations within the dog. These aberrant migration sites include the lungs, trachea, pleura, diaphragm, spinal cord and skin 2, 4, 7, 13, 16, 23, 27 . Clinical signs associated with spirocercosis are variable but are usually as a result of the parasites' effect on the oesophagus, mediastinum or aorta. In early infections the parasite may cause no clinical signs (subclinical spirocercosis) and infection is diagnosed incidentally on faecal examination or thoracic radiography 8 , 1 5 . Peracute death may occur due to rupture of the aorta or other major blood vessel secondary to aneurysm formation caused by larval development and migration 2, 11 . Classical spirocercosis clinical signs result from the spirurid nodule obstructing the oesophagus and compressing the intrathoracic structures and include vomiting, regurgitation, coughing, dysphagia, sialorrhoea, pyrexia and melaena 18, 20, 32 . Weakness and weight loss become apparent with chronicity and neoplastic transformation. Neoplastic spirocercosis results from the neoplastic transformation of the parasitic nodule. The clinical signs are similar to the classical form but hypertrophic osteopathy, anaemia, leukocytosis and thrombocytosis may also be found 9 . Atypical clinical signs including mediastinitis, pleuritis, pyothorax, haemopericardium and paraparesis can be associated with aberrant migrations 2, 8, 28 . The diagnosis of spirocercosis is usually made by oesophageal endoscopy, considered the diagnostic test of choice 20, 25 . Early to mature nodules are typically smooth, round and sessile and protrude into the oesophageal lumen. Neoplastic nodules usually show a roughened, ulcerated, necrotic surface and should be biopsied 9, 32 . Radiography is also a sensitive diagnostic test, with the dorso-ventral and right lateral thoracic views superior for diagnosing a caudal mediastinal mass. Radiological features regarded as pathognomonic for spirocercosis include caudal oesophageal opacity, an undulating descending aorta and spondylitis of the 6th to 12th thoracic vertebrae 8, 11 . Faecal examination (copromicroscopy) is a diagnostic test that has demonstrated a reported range of sensitivities. S. lupi eggs are thick-shelled, elongated (capsule-shaped) with parallel sides (Fig. 1) and are small compared with other nematode eggs. The typical spirurid egg measures 20-37 µ by 11-18 µ and contains a larva (L1) when laid 5, 6, 29 . Faecal examination techniques previously described include direct faecal smears, faecal flotation, faecal sedimentation and recently the FLOTAC methods 3, 10, 15, 21, 25 . The findings of some of these studies are contradictory and there is no clarity on how best to utilise faecal ova identification in the diagnosis of spirocercosis. The aim of the present study was to investigate this clinical problem by comparing 4 different faecal examination methods, namely direct faecal examination, direct faecal flotation, a modified centrifugal faecal flotation and centrifugal sedimentation/flotation in detecting S. lupi eggs from patients with confirmed spirocercosis. The study also compared 4 commonly used flotation solutions in the direct and modified centrifugal flotation methods to detect S. lupi eggs. The sensitivities of the different faecal examination tests performed on each faecal sample from dogs were determined.
MATERIALS AND METHODS
Faecal samples were collected from dogs presented to the Onderstepoort Veterinary Academic Hospital that met the following criteria: (1) all dogs were confirmed to have spirocercosis by oesophageal endoscopy and radiography and (2) none of the dogs had received any medication containing a macrocyclic lactone compound in the preceding 6 months. Faeces were obtained directly from the rectum or by collection of a stool sample (if defaecation was observed). All faecal samples were stored at 4 °C and analysed within 24 hours. If a faecal sample was found to be negative for S. lupi eggs, a 2nd faecal sample was collected 24-48 h later and analysed.
The dogs were allocated to 1 of 3 groups: (1) The non-neoplastic group, where the oesophageal nodule(s) showed typical smooth endoscopic characteristics and regressed after treatment with doramectin as assessed through follow-up endoscopy at 6 weeks; (2) the neoplastic group, where the oesophageal nodule(s) appeared roughened, cauliflower-like and ulcerated and where neoplastic transformation was confirmed by histopathology of the endoscopically or surgically obtained biopsy; (3) the mixed group, consisting of dogs with multiple nodules that included both non-neoplastic and neoplastic nodules as determined by the abovementioned criteria.
All faecal samples were examined using 10 different faecal examination tests. Four faecal examination techniques were used: direct faecal examination, direct faecal flotation, modified centrifugal flotation and a centrifugal sedimentation/flotation. Four different flotation fluids were used in the direct and modified centrifugal flotation techniques. These flotation fluids included: sugar solution (SG 1.27); zinc sulphate (ZnSO4) solution (SG 1.30); sodium nitrate (NaNO3) solution (SG 1.22) and magnesium sulphate (MgSO4) solution (SG 1.29). Only the NaNO3 flotation solution (SG 1.22) was commercially available (Faecalyser ® -Kyron Laboratories (Pty) Ltd, South Africa). All other solutions were prepared in a laboratory using de-ionised water and the corresponding solute. Forty per cent formaldehyde solution was added to the sugar solution to preserve it, at a concentration of 40 m / . The specific gravities of all the flotation solutions were monitored using a hydrometer and were also tested at 3-month intervals to ensure they were maintained. All solutions were kept at room temperature in airtight containers and away from light.
Faecal examination techniques:
(1) Direct faecal examination: 1 g of faeces was placed in a plastic test tube and 5 m of saline was added. The mixture was manually agitated using a wooden spatula for 30 s. 0.1 m of the mixture was then aspirated using an adjustable micropipette and placed on a microscope slide, covered with a 22 mm × 22 mm coverslip and examined under a light microscope at ×100 magnification. All S. lupi eggs under the coverslip and those seen on the perimeter of the coverslip were manually counted (Fig. 2) . The direct faecal examination method was used to estimate the number of eggs per gram using the formula number of eggs per 0.1 m mixture multiplied by 50 (sample size was 1/50 of mixture). (2) Direct faecal flotation: 1 g of faeces was placed into a routine faecal flotation test kit (Ovatector ® -Kyron Laboratories (Pty) Ltd, South Africa). The faecal flotation solution was added and the mixture was agitated with a wooden spatula for 30 s and the strainer inserted. The faecal flotation test kit was filled to the rim with the specified solution and covered with a 22 mm × 22 mm coverslip. Twenty minutes was allowed for egg flotation after which the coverslip was removed and placed on a glass slide for light microscopic examination at ×100 magnification. All the S. lupi eggs under the coverslip and those seen on the perimeter of the coverslip were manually counted. Four direct faecal flotations were performed on each faecal sample using each of the flotation solutions, namely sugar, ZnSO4, NaNO 3 and MgSO 4 . (3) Modified centrifugal faecal flotation: 1 g of faeces was placed in a plastic test tube and 5 m of the flotation solution was added. The mixture was agitated using a wooden spatula for 30 s. The test tube cap was tightened and the tube placed into a fixed-arm rotor of a centrifuge. The sample was centrifuged at 1400G for 10 min. An adjustable micropipette was used to aspirate 0.1 m of the supernatant, in 2 aliquots of 50 µ , which was then placed on a glass slide. A 22 mm × 22 mm coverslip was placed and the slide was examined under a light microscope at ×100 magnification. All the S. lupi eggs under the coverslip and those seen on the perimeter of the coverslip were manually counted. Four modified faecal flotations were performed on each sample using each of the flotation solutions, namely sugar, ZnSO4, NaNO 3 and MgSO 4 . (4) Centrifugal sedimentation flotation: 1 g of faeces was placed in a 50 m graduated tube and mixed with 30 m of artificial gastric juice (2 % pepsin and 1 % concentrated hydrochloric acid). The faecal suspension was agitated for 5 min at room temperature with a magnetic stirrer prior to being strained through a fine tea strainer into a beaker. The strained suspension was centrifuged at 1400 G for 10 min after which the supernatant fluid was removed, leaving faecal sediment at the bottom of the tube. MgSO4 solution was then added to the faecal sediment which was re-suspended and centrifuged for a further 10 min. The tube was then filled to the rim with the MgSO4 solution and covered with a 22 mm × 22 mm coverslip and 10 min allowed for egg flotation. The resultant slide was examined under light microscopic examination at ×100 magnification. All the S. lupi eggs under the coverslip and those seen on the perimeter of the coverslip were manually counted. This was a modification of the Markovics and Medinski 19 method as our initial attempts to place coverslips over the test tubes in the swing-out rotor for the centrifuge were unsuccessful and had to be abandoned. Artificial gastric juice was also added instead of the described tap water to increase the sensitivity in this technique. All egg counts for the different faecal tests, excluding the centrifugal sedimentation flotation test, were performed by the same author. The centrifugal sedimentation flotation test was also always performed by the same individual.
A total of 10 faecal examination tests were performed on each sample. The Friedman non-parametric repeated measures analysis of variance was used to compare the egg counts for the 10 different faecal examinations. Multiple comparisons, using a 0.05 level of significance with the Bonferroni correction, were used to determine which pairs of methods were statistically different. BMDP Statistical software (BMDP Statistical software, Inc. Los Angeles, USA) was used to compute the statistics. The non-neoplastic and neoplastic groups egg counts were statistically compared using the Mann-Whitney U-test.
RESULTS
Thirty-three patients were included in this study, which ran from April 2008 to December 2009. The sensitivity of the various tests to detect S. lupi eggs ranged between 42.4 % and 66.7 %. The routine and modified NaNO3 flotation tests showed the highest sensitivity (Table 1) . No eggs were found in 12 of 33 initial faecal samples (36.6 %) and an additional sample taken 24 to 48 hours later identified only 1 additional infected patient using the direct and modified NaNO3 flotation tests only. Table 1 summarises the findings of all the faecal examination tests performed. The Friedman test was statistically significant at the 0.05 level (P = 0.0000). The modified NaNO3 flotation test ranked 1st with the highest mean egg count (45, Table 1 ). The NaNO3 modified faecal flotation test was found to be superior to (higher egg count) and statistically different (Table 2 ) from the sugar, ZnSO4 and MgSO4 direct flotation tests (P < 0.05). The NaNO3 direct faecal flotation test was also found to be superior to and statistically different from the ZnSO 4 and MgSO4 direct flotation tests (P < 0.05). When applying a 0.1 level of significance the The critical Z-values are 3.06 and 3.26 for an overall significance of 0.1 (*) and 0.05 (**), respectively. P-value = 0.0000 chi-square distribution with 9 degrees of freedom. Kendall coefficient of concordance 0.1298. The null hypothesis is rejected if the Z-Stat is larger than the critical value ZC, where 1-ZC = Alpha/(k(k-1)). Alpha is the overall significance level and K is the number of groups compared (10 groups).
NaNO 3 direct flotation was also found to be superior to and statistically different from the direct sugar flotation test. No further statistically significant differences were found between the techniques. The average egg count per gram was 1100 (22 eggs per 0.1 m faecal suspension) with the highest egg count per gram being 21 250 (425 eggs per 0.1 m faecal suspension).
The non-neoplastic group made up 67 % of the samples (n = 22), the neoplastic group made up a further 15 % of the samples (n = 5) and the mixed group 18 % (n = 6). The sensitivity of faecal flotation (using the NaNO3 modified flotation method) to detect S. lupi eggs was 72.7 % in the non-neoplastic group and 40 % in the neoplastic group. The mixed group was not included in this assessment. The mean egg count using this method was found to be 61 ± 95.8 in the non-neoplastic group and 1 ± 1.7 in the neoplastic group. This difference was significant (P = 0.024, Mann-Whitney U-test, 1-sided test).
DISCUSSION
This study was able to show that the sensitivity of coprological examination for detecting S. lupi eggs in dogs diagnosed with spirocercosis is variable and depends on which faecal examination technique and flotation fluid is utilised and also the stage of infection. The sensitivity ranged between 42 % and 67 % in this study, which confirms that faecal flotation per se is not a sensitive tool to confirm a diagnosis of spirocercosis. Egg shedding from S. lupi infected dogs is variable and does not occur in all infected individuals. Reasons for this include a prepatent infection with an immature worm, neoplastic conversion of the nodule, the lack of a patent operculum in the nodule, infection with female or male nematodes only or the intermittent shedding pattern of the female worm. This study also showed that a 2nd faecal sample (24 to 48 h later) was only able to detect eggs in an additional 8.4 % of patients. A previous study found a higher number of cases (28 %) to be positive upon a 2nd examination but did not mention exactly how many days elapsed after the 1st sample was taken 20 . For ethical reasons the client-owned dogs in this study had to be treated as soon as possible after diagnosis was confirmed, which accounted for the 48 h timeframe. Diagnosis by faecal analysis is only possible when eggs are passing in the faeces and this passage can occur for an unpredictable, relatively short period 11 . Previously it was shown that peak egg production appeared between 140 and 205 days post infection with a maximum of 2100 eggs per gram of faeces 26 . A subsequent study showed that eggs per gram of faeces counts ranged from 2000 to 11 000 in laboratory infected animals 2 . The aim of this study was not to demonstrate when peak egg production occurs but it was shown, using the direct faecal examination method, that egg production could be very high, with 21 250 eggs per gram of faeces recorded in 1 patient. Three additional patients were found to have egg counts above the 1971 maximum levels, with 2650 and 3150 eggs per gram of faeces, respectively. The average egg count per gram of faeces using the direct faecal examination method was 1100, therefore even though shedding is intermittent, infected dogs are a massive source of environmental contamination and this could explain the increasing incidence of the disease in regions of South Africa . The importance of rapid removal of faeces from the environment is thus emphasised as a practical control measure. Treatment causes a 99.3 % decrease in egg count within 10 days after the 1st dose of a doramectin 17 , thus early diagnosis and treatment will also obviously decrease environmental contamination. It was hypothesised that the typical early Spirocerca cases without neoplastic transformation would have higher egg counts than those with advanced neoplastic disease as the worms were younger and shedding more actively. This would have made faecal flotation a valuable screening tool in these often asymptomatic cases. Unfortunately the sensitivity of faecal egg counts did not increase significantly when only these early cases were included in the analysis. The sensitivity of faecal egg counts was different in the early non-neoplastic versus the neoplastic group, 72.7 % vs 40 %; these were not determined to be statistically significant and a sensitivity of 72.7 % is still inadequate as a screening test. It was also determined that the mean number of eggs shed by the dogs in the neoplastically transformed group (1 ± 1.7) was significantly lower than that of the non-neoplastic group (61.1 ± 95.8). This may indicate that these nodules contain fewer worms or that these worms shed fewer eggs. Although the difference between the mean egg counts between the nonneoplastic and neoplastic group was statistically significant there is no real clinical relevance as both groups shed eggs. A combination of neoplastic and non-neoplastic nodules was found in 18 % of cases. Faecal examination is thus not a suitable tool to assist in differentiating between non-neoplastic and neoplastic canine spirocercosis. This study showed that NaNO3 (SG 1.22) had the highest sensitivity in both the direct and modified centrifugal flotation tests. This was unexpected as previous reports indicate that these eggs appear heavier than those of other nematodes and require flotation solutions with higher specific gravities to improve recovery of these eggs 3, 10 . In this study the ZnSO4 (SG 1.30) and the MgSO 4 (SG 1.29) flotation fluids did in fact damage the eggs as previously reported 5 . The eggs became rectangular in shape and the edges appeared to fold in on themselves. The sugar flotation solution crystallised rapidly, was sticky and was difficult to work with compared with the other solutions. The NaNO3 (SG 1.22) solution was easy to work with and the solution was also extremely clear, making visualisation of the S. lupi eggs far easier compared with the other fluids. This study demonstrates that a high specific gravity is not required to visualise S. lupi eggs. Markovics and Medinski 19 found that sugar flotation using a laboratory run centrifugal technique was 100 % sensitive in detecting S. lupi eggs in 8 samples with low egg numbers (100 eggs per gram) compared with the direct faecal examination (50 %). This study demonstrated equal sensitivities (57.6 %) for direct faecal examination and centrifugal sedimentation/flotation, but the centrifugal sedimentation/flotation method did have a higher mean egg count (35) compared with the direct faecal examination method (22) ( Table 1 ). The addition of artificial gastric juice did not appear to enhance the sensitivity of the Markovics and Medinski method. A recent study found that S. lupi egg detection using a ZnSO4 (SG 1.35) flotation and the Markovics and Medinski technique were insensitive as diagnostics tests for spirocercosis, detecting eggs in only 7/31 and 4/31 S. lupi PCR positive faecal samples 30 . The study showed that the FLOTAC ® apparatus was more sensitive, as it detected eggs in 10 of these 31 faecal samples. This study also found that the PCR was able to increase faecal spirocercosis sensitivity by 45 % and 38.2 % in 2 groups of faecal samples when compared with a combination of faecal flotation methods.
The modified flotation method in our study used centrifugation to separate the solid and fluid matter in the faecal mixture, aiding egg flotation, and it was hypothesised that it would result in a higher mean egg count and increased sensitivity of the faecal egg count. Although the modified flotation method using NaNO3 (SG 1.22) solution did result in the highest egg counts, it had an equal sensitivity to that of routine faecal flotation using the same fluid. Both of the above methods are extremely simple to perform, do not require specialised equipment and can be completed in less than 20 minutes, which makes them ideal for laboratories and veterinary hospitals. The relatively low SG of the commercially available flotation fluid is also easily maintained as it does not sediment out as easily as the more concentrated fluids. A limitation of this study was the manner in which egg counts were performed. As no grid was available for counting, all eggs under the microscope cover and on the perimeter were counted in a grid-like fashion by the same individual to ensure consistency. Statistical difference was found throughout the comparison but the power of the study could have been increased with a greater number of cases.
The results of this study show that dogs with neoplastic spirocercosis do shed eggs although much fewer than the nonneoplastic spirocercosis patients. Faecal examination using a NaNO3 (SG 1.22) solution is the most sensitive in the diagnosis of spirocercosis, with the modified centrifugal flotation method using this solution achieving the highest egg counts. This faecal examination method is simple and inexpensive to perform and is not technically challenging, making it a suitable test in the diagnosis of spirocercosis.
